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WE CLAIM: 




2. 



A method of extending a data service through a 
broadband packet nei^work, the method comprising steps 
of: 

a) receiving a dat\ stream respecting the data 
service at an ingress gateway^ 

b) encapsulating the da\ta stream within a container'; 

c) encapsulating the container within a protocol 
data unit (PDU) of th^ broadband packet network; 
and 

d) forwarding the PDU through the broadband packet 
network to an egress gateway. 



A method as claimeM in claim 1, wherein the step of 



encapsulating the d 



a) 



accumulating 
predetermined 
data stream; an^ 




stream comprises the steps of: 



Dayload packet comprising a 
)Vi"''^of accumulated bytes of the 



b) 



encapsulating the payload packet within the 
container . 



A method as claimed in claim 1, w\ierein the broadband 
packet network is based on any d^ne or more of the 
UDP/IP, TCP/IP, IP-MPLS, ATM, Etljernet and DOCSIS 
protocols, and the data stream \is formatted in 
accordance with any other communications protocol 



A method as claimed in claim X, wherein a 
communications protocol of the data stream is known. 
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A method as \ claimed in claim 4, wherein the 

predetermined nVjmber of bytes of the data stream 

forming each paV/load packet is a function of the 
format of the dat\a stream. 



A method as claimed in claim 5, wherein the data 
stream is a circuit-switched data stream comprising 
pulse code modulated PCM signals, and the number of 



accumulated bytes 
determined by a ni 
multi-frames of the 



forming each payload packet is 
iber of channels and number of 
ata stream. 



A method as claimed in claim 6, wherein the number of 
accumulated bytes fc^rming each payload packet is 
equivalent to 

Ps = (NcxNm)xn 
Where: Ps = payload packet size; 

Nc = number of channels; 
Nm = number of frames; and 



n = an integer. 



A method as claimed in tlaim 4, wherein the data 
stream is a packet data stiream comprising sequential 
PDU' s of a packet network protocol. 



A method as claimed in claim 8, wherein the number of 
bytes forming each payloaa packet is an integer 
multiple of a number of byte^ forming each PDU of the 
packet network protocol. 
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10. A method as claimed in claim 2, wherein a 
communications pr)ptocol of the data stream is 
unknown . 



11. A method a^s claimed in claim 2, wherein the step of 
accumulating a paylolad packet comprises steps of: 

a) detecting an idle pattern; and 

b) when an idle pattern is detected, discarding 
bytes of the dana stream corresponding to the 
detected idle pattnern. 



12. A method as claimed 
pattern in known. 



m claim 11, wherein the idle 



13. A method as claimed in\ claim 12, wherein the idle 
pattern is embedded witl\in the data stream, and the 
step of detecting the id\Le pattern comprises a step 
of monitoring successively received bytes of the data 
stream to detect the idle battern. 

14. A method as claimed in clai\n 12, wherein idle pattern 
is indicative of an idle \channel within the data 
stream, and the step of disaarding bytes of the data 
stream comprises a step of \discarding bytes within 

- the indicated idle channel of\the data stream. 

15. A method as claimed in claim\l2, wherein the idle 
pattern is a stimulus external Ao the data stream. 



16. A method as claimed in claim 12, Vfurther comprising a 
step of forwarding an idle notifiaation to the egress 
gateway, the idle notification comjprising information 
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identifying detecifed idle patterns and corresponding 
idle channels. 

17. A method as clatmed in claim 16, wherein the 
notification is forwarded within the container, 

18. A method as claiiped in claim 16, wherein the 
notification is forwarded within a notification 
message independently! of the container. 

19. A method as claimed \in claim 11, wherein the idle 
pattern in unknown . 

20. A method as claimed in\ claim 19, wherein the step of 
detecting the idle pattern comprises a step of 
monitoring each successdAve payload packet to detect a 
repeating pattern indicative of an idle . condition of 
the circuit-switched data stream. 

21. A method as claimed in cleim 20, wherein the step of 
discarding bytes of the circuit-switched data stream 
comprises a step of diiscarding each successive 
payload packet in which phe repeating pattern is 
detected . 



22. A method as claimed in claip 21, further comprising 
steps of: 

a) interrupting the steps oi encapsulating payload 
packets within containers, encapsulating 
containers within PDUs and forwarding the PDUs to 
the egress gateway; and 
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b) sending an yidle notification to the egress 
gateway . 

23. A method as claimed in claim 22, further comprising 
steps of: 

a) continuing to monitor successive payload packets 
to detect the rejbeating pattern; and 

b) resuming the s-^eps of encapsulating payload 
packets within\ containers, encapsulating 
containers within iPDUs and forwarding PDUs to the 
egress gateway wh^ri the repeating pattern is no 
longer detected. 

24. A method as claimed in fclaim 2, further comprising a 
step of inserting a \sequence number into each 
successive container, 

25. A method as claimed in cl^im 24, wherein at least one 
sequence number is a reserved sequence number used to 
indicate a start of the datW stream. 



26. A method as claimed in cl^im 1, further comprising 
steps of: 

a) receiving sequential PDUs\ of the broadband packet 
network at the egress ga\teway from the ingress 
gateway; 

b) extracting a respective \ container from each 
received PDU; and 

c) reconstructing the data \ stream using the 
respective containers . 
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27. A method as claimed in claim 26, wherein the step of 
reconstructing the data stream comprises steps of: 

a) buffering each\ container in a jitter buffer; 

b) extracting a rd^spective payload packet from each 
container; and 

c) appending each ^xtracted payload packet to a 
payload packet \of a previous container to 
reconstruct the daVta stream. 

^ 28. A method as claimed in Vclaim 27, further comprising a 
step of sorting the buVffered containers based on a 
respective sequence number of each container. 

29. A method as claimed in clWim 28, further comprising a 
step of monitoring the respective sequence numbers of 
each buffered contained to detect a missing 
container. 

30. A method as claimed in claiW 29, further comprising, 
in respect of each detected missing container, a step 
of appending a null payloaVl packet to a previous 
payload packet of the reconstructed data stream. 



31. A method as claimed in claim 30, wherein the null 
payload packet comprises AB-biVs duplicated from the 
previous payload packet of 'tl\B reconstructed data 
stream. 



A method as claimed in claim 27, \further comprising a 
step of \ 



12197ROUS01 



- 37 - 



9-13528-llOUS 



a) monitoring a^i inter-packet delay period between 
successively deceived PDU's; and 

b) adjusting a length of the jitter buffer based on 
the inter-packat delay. 

33. A method as claimed in claim 32, wherein the length 
of the jitter buf:^er is adjusted during, an idle 
period of the data stream. 

34. A method as claimed i\n claim 26, wherein the step of 
reconstructing the ddta stream further comprises a 
step . of receiving ai\ idle notification from the 
ingress gateway. 

35. A method as claimed xA claim 34, wherein the idle 
notification comprises ipformation identifying one or 
more of an idle indication and a corresponding idle 
channel of the data stream received by the ingress 
gateway, and the step of reconstructing the data 
stream further comprises \a step of inserting null 
data into the corresponding idle channel of the 
reconstructed data stream \following receipt of the 
idle indication, 

36. A method as claimed in claim 35, wherein the null 
data includes the idle indication. 



37. A method as claimed in claim\34, wherein the idle 
notification comprises an inoication of an idle 
condition of the data stream received by the ingress 
gateway, and the step of recobistructing the data 
stream comprises any one or mo:ffe of duplicating a 
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last received paw-oad packet, and inserting a 
provisioned idle pattern . 

38. A method as . claimfed in claim 34, wherein the 
notification is received by the egress gateway- 
encapsulated within a container. 

39. A method as claimed\ in claim 34, wherein the 
notification is receiveai by the egress gateway within 
a notification message independently of a container. 

40. A method as claimed in claim 34, further comprising a 
step of resuming reconstruction of the data stream 
based on containers extracted from received PDU's 
upon receipt of a container having a predetermined 
reserved sequence number . i 

41. An apparatus for extending! a data service through a 
broadband packet network, tpe apparatus comprising: 

a) means for receiving a aata stream respecting the 
data service at an ingress gateway; 

b) means for encapsulating \the data stream within . a 
container; I 

c) means for encapsulating I the container within a 
protocol data unit (PDU) \of the broadband packet 
network; and \ 

d) means for forwarding fthe PDU through the 
broadband packet network to an egress gateway. 



42. An apparatus as claimec 
means for receiving a da1 



in 



vlaim 41, wherein the 
lam respecting the data 
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service comprises an interface adapted to convey the 
data stream fr®m a source to the ingress gatway. 



43 



4 4 



An apparatus a* 
means for encap* 

a) means for/ 
comprising 
bytes of th^ 



claimed in claim 41, wherein the 
iting the data stream comprises: 

iccumulating a payload packet 
redetermined number of accumulated 
la'^a stream; and 



b) means for encapst^lating the payload packet within 
the container. 

An apparatus a§v claimed in claim. 41, wherein the 
broadband packet network is based on any one or more 
of the UDP/IP, t\:P/IP, IP-MPLS, ATM, Ethernet and 
DOCSIS protocols, dfid the data stream is formatted in 
accordance with any\other communications protocol. 



45. An apparatus as claimed in claim 44, wherein a 
communications protocol of the data stream is known . 



^46. An apparatus as claime^ in claim 45, wherein the 
predetermined number of \bytes of the data stream 
forming each payload pacl^t is a function of the 
format of the data stream. 



47. An apparatus as claimed in claim 4 6, wherein the data 
stream is a circuit-switched Mata stream comprising 
pulse code modulated (PCM) signaJ.s, and the number of 
accumulated bytes forming each\ payload packet is 
determined by a number of channels and a number of 
multi-frames of the data stream. 
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An apparatus as claimed in claim 47, wherein the 
number of accumulated bytes forming each payload 
packet is equivalent to 

Ps = {NcxNrmxn 
Where: Ps = payload packet size; 



Nc = number of channels; 
Nm = numberXof frames; and 
n = an integer. 

49. An apparatus as claimed in claim 45, wherein the data 
stream is a packet daVa stream comprising sequential 
PDU' s of a packet netwoork protocol. 

50. An apparatus as claimeJd in claim 49, wherein the 
number of bytes formingV each payload packet is an 
integer multiple of a number of bytes forming each 
PDU of the packet network pjrotocol . 

51. An apparatus as claimed in claim 44, wherein a 
communications protocol oA the * data stream is 
unknown . 



52. An apparatus as claimed in claim 43, wherein the 
means for accumulating a payload packet comprises: 

a) means for detecting an idle pattern; and 

b) means responsive to detectionXof an idle pattern 
and adapted to discard bytes \f the data stream 
corresponding to the detected idle pattern, 
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53. An apparatus as dlaimed in claim 52, wherein the idle 
pattern in known. 

54. An apparatus as claUmed in claim 53, wherein the idle 
pattern is embedded\ within the data stream, and the 
means for detecting \the idle pattern comprises means 
for monitoring successively received bytes of the 
data stream to detectxthe idle pattern. 

55. An apparatus as claimed in claim 53, wherein idle 
pattern is indicative pf an idle channel within the 
data stream, and the means for discarding bytes of 
the data stream comprises means for discarding bytes 
within the indicated idle channel of the data stream. 

56. An apparatus as claimed i\n claim 53, wherein the idle 
pattern is a stimulus external to the data stream. 

57. An apparatus as claime^ in claim 53, further 
comprising means for forwafcding an idle notification 
to the egress gateway, \ the idle notification 
comprising information identifying detected flags and 
corresponding idle channels . 

58. An apparatus as claimed in\ claim 57, wherein the 
notification is forwarded withVln the container. 

59. An apparatus as claimed in claim 57, wherein the 
notification is forwarded wilthin a notification 
message independently of the container. 



60. An apparatus as claimed in claim \52, wherein the idle 
pattern in unknown. 
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61. An apparatus as Vrlaimed in claim 60, wherein the 
means for detecting^ the idle pattern comprises means 
for monitoring eadfi successive payload packet to 
detect a repeating \pattern indicative of an idle 
condition of the circlait-switched data stream. 

62. An apparatus as clai\[ned in claim 61, wherein the 
means for discarding ^ytes of the circuit-switched 
data stream comprises\ means for discarding each 
successive payload pad^ket in which the repeating 
pattern is detected, 



63. An apparatus 
comprising : 



as claimed in claim 62, further 



a) means for interrupting encapsulation of payload 
packets within containers, encapsulating 
containers within PDUs tend forwarding the PDUs to 
the egress gateway; and 

b) means for sending an i\dle notification to the 
egress gateway. 



64. An apparatus as claimed \in claim 63, further 
comprising means for resuming the encapsulation of 
payload packets within containers, encapsulation of 
containers within PDUs and forwarding of PDUs to the 
egress gateway when the repeating pattern is no 
longer detected. 



65. 



An apparatus as claimed in 
comprising means for inserting a 
each successive container. 



Qlaim 43, further 
sequence number into 
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66. An apparatus as claimed in claim 65, wherein at least 
one sequence numbra' is a reserved sequence number 
used to indicate a s^art of the data stream. 

67. An apparatus for extending a data service through a 
broadband packet netwoVirk, the apparatus comprising: 

a) means for receiving sequential PDUs ' of the 
broadband packet network at an egress gateway 
from an ingress gatqjway; 

b) means for extracting\ a respective ' container from 
each received PDU ; an\ 

c) means for reconstructing a data stream respecting 
the data service using\ the respective containers. 

68. An apparatus as claimed tn claim 67, wherein the 
means for reconstructing the data stream comprises: 

a) a jitter buffer adapted to buffer each container; 

b) means for extracting a respective payload packet 
from each buffered contaimer; and 

c) means for appending each dbctracted payload packet 
to a payload packet of a\ previous container to 
reconstruct the data streamV 



69. An apparatus as claimed in\ claim 68, further 
comprising means for sorting thel buffered containers 
based on a respective sequence number of each 
container . 



70. 



An apparatus as 
comprising means 



claimed in claim 69, further 
for monitoringy the respective 
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sequence numbers cif each buffered container to detect 
a missing contained 

71. An apparatus as \ claimed in claim 70, further 
comprising, means for appending a null payload packet 
to a previous payload packet of the reconstructed 
data stream in resf^lpct of each detected missing 
container . 

72. An apparatus as claimedl in claim 71, wherein the null 
payload packet comprise^ AB-bits duplicated from the 
previous payload packet\ of the reconstructed data 
stream . 



73. An apparatus as 
comprising : 



clairried in claim 68, further 



a) means for monitoring ar\ inter-packet delay period 
between successively received PDU's; and 

b) means for adjusting a l^gth of the jitter buffer 
based on the inter-packe^ delay. 

74. An apparatus as claimed in\claim 73, wherein the 
length of the jitter buffer \is adjusted during an 
idle period of the data stream, 

75. An apparatus as claimed in claim 67, wherein the 
means for reconstructing the ^ata stream further 
comprises means for receiving a\ idle notification 
from the ingress gateway. 



76. An apparatus as claimed in claim 75\ wherein the idle 
notification comprises information identifying one or 
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more of an idle Undication and a corresponding idle, 
channel of the d^a stream received by the ingress 
gateway, and the means for reconstructing the data 
stream further comprises means for inserting null 
data into the cornesponding idle channel of the 
reconstructed data stream in response to receipt of 
the idle indication, 

77. An apparatus as claimed in claim 76, wherein the null 
data includes the idle indication. 

78. An apparatus as claimed in claim 75, wherein the idle 
notification comprises an indication of an idle 
condition of the data stream received by the ingress 
gateway, and the means fcxc reconstructing the data 
stream comprises means for duplicating a last 
received payload packet in r\esponse to receipt of the 
idle notification . 

79. An apparatus as claimed in \ claim 75, wherein the 
notification is received b\\ the egress gateway 
encapsulated within a containe] 

80. An apparatus as claimed in claim 75, wherein the 
notification is received by the egress gateway within 
a notification message independently of a container. 



81. An apparatus as claimed in Vrlaim 75, further 
comprising means for resuming recoVist ruction of the 
data stream based on containersV extracted from 
received PDU's upon receipt of a comtainer having a 
predetermined reserved sequence numbe] 
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A system for eKtending a data * service through a 
broadband packet network, the system comprising: 

a) an ingress gateway comprising: 

i) means for receiving a data stream respecting 
the data seWvice; 

ii) means for \encapsulating the data stream 
within a container; and 

iii) means for encapsulating* the container within 
a protocol dalfa unit (PDU) of the broadband 
packet networ} 

b) means for conveying Vthe PDU through the broadband 
packet network to an\egress gateway; and 

c) the egress gateway comprising: 

i) means for extractVlng a respective container 
from each received^ PDU; and 



83 



84 . 



ii) means for reconstructing the data stream 
using the respective containers. 

A system as claimed in clai^ 82, wherein the means 
for receiving a data streaAi respecting the data 
service comprises an interf ac^adapted to convey the 
data stream from a source to/ thfe \Lngress gatway. 



A system as claimed in cla 
for encapsulating the data s 

a) means for accumulatin 
comprising a predetermined 
bytes of the data stream; and 




rein the means 
comprises: 



payload packet 
er of accumulated 
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b) means for enc 
the containe] 



iting the payload packet within 



85. A system as claiAed in claim 82, wherein the 
broadband packet network is based on any one or more 
of the UDP/IP, TCP/IP, IP-MPLS, ATM, Ethernet and 
DOCSIS protocols, and \the data stream is formatted in 
accordance with any otper communications protocol. 

86. A system as claime4 in claim 85, wherein a 
communications protocol\ of the data stream is known. 

87. A system as claimed \ in claim 86, wherein the 
predetermined number of bytes of the data stream 
forming each payload packet is a function of the 
format of the data strear 

88. A system as claimed in \claim 87, wherein the data 
stream is a circui t-switahed data stream .comprising 
pulse code modulated ( PCM)\ signals , and the number of 
accumulated bytes formina each payload packet is 
determined by a number of I channels and a number of 
multi-frames of the data stream. 



89. A system as claimed in claim 88, wherein the number 
of accumulated bytes forming^ each payload packet is 
equivalent to 

Ps = iNcxNm)xn 
Where: Ps = payload packet sizd^; 



Nc 



= number of 



channels ; 
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Nm = number df frames; and 



n = an integej 



90. A system as claimed 

stream is a packet dat 
PDU' s of a packet netwo 



n claim 86, wherein the data 
stream comprising sequential 
protocol . 



A system as claimed in 
of bytes forming each 



91. A system as claimed in dU-aim 90, wherein the number 

paVload packet is an integer 
multiple of a number of by^ies forming each PDU of the 
packet network protocol . 



92. A system as claimed in\ claim 85, 
communications protocol o:^ the data 
unknown . 



wherein a 
stream is 



93. A system as claimed in claim\84, wherein the means 
for accumulating a payload pacJdet comprises: 

a) means for detecting an idle pattern; and 

b) means responsive to detection of an idle pattern 
and adapted to discard bytes\ of the data stream 
corresponding to the detected U^l^ pattern. 

94. A system as claimed in claim 93, \wherein the idle 
pattern in known. 



95. A system as claimed, in claim 94, wherein the idle 
pattern is embedded within the data ^tream, and the 
means for detecting the idle pattern cbmprises means 
for monitoring successively received l^ytes of the 
data stream to detect the idle pattern. 
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V 



97 . 



98, 



99. 



100. 



101. 



102. 



A system as claime^xi in claim 94, wherein idle pattern 
is indicative of ^n idle channel within the data 
stream, and the means for discarding bytes of the 
data stream comprises means for discarding bytes 
within the indicated Vdle channel of the data stream. 

A system as claimed In claim 94, wherein the idle 
pattern is a stimulus external to the data stream. 

A system as claimed in\ claim 94, further comprising 
means for forwarding an idle notification to the 
egress gateway, the iple notification comprising 
information identifying detected flags and 
corresponding idle channelLs. 

A , system as claimed din claim 98, wherein the 
notification is forwarded within the container. 

A system as claimed in\ claim 98, wherein the 
notification is forwarded\ within a notification 
message independently of the\ container . 

A system as claimed in claim 93, wherein the idle 
pattern in unknown. \ 

A system as claimed in claim lOl, wherein the means 
for detecting the idle pattern comprises means for 
monitoring each successive payloWd packet to detect a 
repeating pattern indicative of an idle condition of 
the circuit-switched data stream. \ 



103. 



A system as claimed 
discarding bytes of 



in claim 102, vAherein 
the circuit- switched 



the step of 
data stream 
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comprises a ^tep of discarding each successive 
payload packet \in which the repeating pattern is 
detected. 



104. A system as claim 
a) 



in claim 103, further comprising: 



b) 



means for int^rupting encapsulation of payload 
packets withj-n containers, encapsulating 
containers withdjn PDUs and forwarding the PDUs to 
the egress gateway; and 

means for sendir\g an idle notification to the 
egress gateway. 



105, A system as claimed inVclaim 104, further comprising: 

a) means for continuing to monitor successive 
payload packets to qetect the repeating pattern; 
and 

b) means for resuming 1\he steps of encapsulating 
payload packets withirA containers, encapsulating 
containers within PDUs and forwarding PDUs to the 
egress gateway when the^ repeating pattern is no 
longer detected. 

106. A system as claimed in claim\84, further comprising 
means for inserting a sequence number into each 
successive container . 



107. A system as claimed in claim 1(^6, wherein at least 
one sequence number is a reseryed sequence number 
used to indicate a start of the data stream. 
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108. A system as claimed in claim 82, wherein the means 
for reconstructing the data stream comprises steps 
of: \ 

a) a jitter buffer adapted to buffer each container; 

b) means for extracting a respective payload packet 
from each bufferea container; and 

c) means for appending each extracted payload packet 
to a payload packet of a previous container to 
reconstruct the data stream. 

109. A system as claimed in cUaim 108, further comprising 
means for sorting the buffered containers based on a 
respective sequence number\ of each container. 

110. A system as claimed in claim 109, further comprising 
means for monitoring the respective sequence numbers 
of each buffered contained to detect a missing 
container. \ 

111. A system as claimed in claim lUO, further comprising 
means for appending a null payload packet to a 
previous payload packet of thA reconstructed data 
stream in respect of each detected missing container. 

112. A system as claimed in claim 111,\ wherein the null 
payload packet comprises AB-bits duplicated from the 
previous payload packet of the reconstructed data 
stream. . \ 



113. 



A system as claimed in claim 108, further comprising: 
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a) means for monUtoring an inter-packet delay period 
between succes\sively received PDU's; and 

b) means for adjusting a length of the jitter buffer 
based on the int^r-packet delay. 

114. A system as claimed iA claim 113, wherein the length 
of the jitter buffer\ is adjusted during an idle 
period of the data stream. 

115. A system as claimed in \claim 82, wherein the means 
for reconstructing the da^ta stream further comprises 
means for receiving an d\dle notification from the 
ingress gateway. 



116. A system as claimed in claim 115, wherein the idle 
notification comprises information identifying one or 
more of an idle indication amd a corresponding idle 
channel of the data stream received by the ingress 
gateway, and the means for reconstructing the data 
stream further comprises meana for inserting null 
data into the corresponding iple channel of the 
reconstructed data stream in response to receipt of 
the idle indication. 



117. A system as claimed in claim 116,\ wherein the null 
data includes the idle indication. 



118. A system as claimed in claim 115, v^erein the idle 
notification comprises an indication of an idle 
condition of the data stream received lS>y the ingress 
gateway, and the means for reconstructing the data 
stream comprises means for duplicating a last 
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received paylond packet in response to receipt of the 
idle notification. 

119. A system as claimed in claim 115, wherein the 
notification is \received by the egress gateway 
encapsulated withii} a container. 

120. A system as claibied in claim 115, wherein the 
notification is received by the egress gateway within 
a notification messagie independently of a container. 



121. A system as claimed im claim 115, further comprising 
means for resuming reconstruction of the data stream 
based on containers extracted from received PDU' s 
upon receipt of a container having a predetermined 
reserved sequence number! 



